Results: The mean intake of vitamin D was higher the after initiation of fortification (mean (95% confidence interval (CI)); 4.5 (3.8-5.1) mg) than before it (2.1 (95% CI 1.8-2.3) mg; Po0.001), although there were no differences in consumption of the main food sources of vitamin D between the two cohorts. The difference between the cohorts was also evident when the intake of vitamin D was adjusted for energy intake (0.78 (95% CI 0.70-0.90) and 0.37 (95% CI 0.32-0.42) mg/MJ after and before fortification, respectively, Po0.001). After fortification, the mean intake approached that recommended, but was achieved by only 30.6% of the children. Equally, the serum 25-hydroxyvitamin D concentration was higher after fortification (64.9 (95% CI 59.7-70.1) nmol/l) compared to prior it (54.7 (95% CI 51.0-58.4) nmol/l; P ¼ 0.002). 
Introduction
The importance of vitamin D for calcium absorption and bone growth and accretion culminates during the active period of growth in childhood and adolescence (Holick, 1999) . Recognition of the health effects has extended beyond bone health, as vitamin D has been shown to influence immune responses, for example, inhibition of proinflammatory cytokine production (Muller et al., 1993; Thien et al., 2005) .
In early childhood adequate vitamin D intake in Finland is ensured by recommending vitamin D supplementation for children from 2 weeks to 3 years of age (Ministry of Social Affairs and Health, 2003) . Later, in the absence of a general recommendation for supplement use, an adequate dietary intake is emphasized particularly at high latitudes in wintertime, when exposure to the sun is limited and protective clothing is used. The natural dietary sources of vitamin D are few, fish, fluid milks and margarines forming the main sources and egg yolk to a lesser extent (LambergAllardt, 1984) . Indeed, a low dietary intake has been reported particularly in children, the vitamin D intake being only half of that recommended (Lagström et al., 1999; LehtonenVeromaa et al., 1999; Laitinen et al., 2005) . Additionally, a low serum 25-hydroxyvitamin D concentration, indicator of vitamin D status, has been measured in European and US children and adolescents, again particularly during wintertime (Lamberg-Allardt et al., 1986; Lehtonen-Veromaa et al., 1999; Gordon et al., 2004; Ladhani et al., 2004) , this suggesting an inadequate dietary intake.
To increase dietary intake within the population, a national recommendation for food manufacturers in Finland was issued to fortify fluid milks and margarines with vitamin D. We aimed here to study the impact of this on dietary intake and serum 25-hydroxyvitamin D concentrations in 4-year-old children.
Subjects and methods

Study design
Two cohorts of 4-year-old Caucasian children were studied during wintertime, one before (n ¼ 82, 4.2 (range 3.2-5.0) years of age) in 2001-2002 and the other subsequent to (n ¼ 36, 4.2 (range 3.5-4.9) years of age) initiation of vitamin D fortification in [2003] [2004] . The first cohort comprised children who participated in a prospective allergy prevention study following up their clinical status during the first 4 years of life (Laitinen et al., 2005) . For the second cohort, children of the same age and the same area of Turku were recruited from well-baby clinics. Only healthy children, studied in wintertime between September and April, were included for the present purpose. The study was approved by the Ethical Committee of the Hospital District of South West Finland. Written informed consent was obtained from all parents.
Recommendation on vitamin D fortification
To increase dietary intake of vitamin D within the population, the Ministry of Trade and Industry, at the instigation of the National Nutrition Council, issued a recommendation for food manufacturers in Finland to fortify fluid milks and margarines with vitamin D. Since February 2003, fluid milks (0.5 mg/100 g) and margarines (10 mg/100 g) have been fortified with a greater amount of vitamin D compared to the previous standardization of vitamin D content in low-fat milks (0.08 mg/100 g) to the same level as the natural vitamin D content of full-fat milk and the previous fortification of margarines (7 mg/100 g).
Subjects
Weights and heights were measured by a nurse at study visits, standardized for age and sex and expressed as height standard deviation scores (s.d.) and weights proportional to heights (weight to height, %) (Sorva et al., 1984) . Proportion of body fat was also calculated (Siri, 1961; Brook, 1971) .
The mean heights of children before fortification (mean (95% confidence interval (CI)); 0.3 (0.07-0.5) s.d. scores) did not differ from those thereafter (0.5 (95% CI 0.3-0.8) s.d. scores; P ¼ 0.172), but the mean weights to heights were lower before measure (1.4 (95% CI -0.8-3.6)%) compared to after fortification (6.6 (95% CI 1.8-11.4)%; P ¼ 0.024), this difference may be explained by one child being overweight (66%) in the cohort of after fortification. Nevertheless, the mean heights and weights to heights were within the population reference ranges (Sorva et al., 1984) . There was no difference in the proportion of body fat between the two cohorts of children (15.6 (14.5-16.6 )%, n ¼ 62 and 16.9 (15.4-18.4)%, n ¼ 26 before and subsequent to fortification, respectively; P ¼ 0.157).
Food records
Food and nutrient intakes were evaluated once using 4-day food records, one day being weekend, by parents or personnel if the child was in day-care according to written instructions. The amounts of foods were estimated using household measures or, alternatively, the foods were weighed with home scales. Also the type, brand and preparation method of all consumed foods were recorded. The records were reviewed by the nutritionist for completeness and accuracy during a visit to the research clinic. If needed, portion sizes were checked using portion picture booklet and food descriptions, and preparation methods were added after discussion with the parents or phone calls to day-care centers.
Daily intakes of foods and nutrients were calculated using the Micro-Nutrica s computerized program (version 2.5, Research Centre of the Social Insurance Institution, Turku, Finland), which uses the Food and Nutrient Database of the Social Insurance Institution and is continuously updated with data on commercial foods. Information on the frequency of fish consumption during the 2 weeks previous to the study visit was obtained by interview. The current intake of vitamin D from supplements was calculated separately based on interviews.
Analysis of serum 25-hydroxyvitamin D Non-fasting blood samples were collected from an antecubital vein. Samples were stored at À801C until analysis for serum 25-hydroxyvitamin D concentration by radioimmunoassay 
Results
There were no differences between the two cohorts in intakes of energy or energy-yielding nutrients ( Table 1 ). The mean intake of protein exceeded, whereas the intakes of fat and carbohydrates were in accordance with the recommended intakes present at the time of study conductance (Nordic Nutrition Recommendations, 1996) in both groups (Table 1) .
Intake of vitamin D was higher after fortification compared to the prior level, whereas no differences in intakes of 
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other nutrients were detected between the two groups ( Table 2) . The difference in the intake of vitamin D between the cohorts was also evident when adjusted for energy intake (0.78 (95% CI 0.70-0.90) mg/MJ and 0.37 (95% CI 0.32-0.42) mg/MJ after and before fortification, respectively; Po0.001). When the intake of vitamin D was evaluated as a proportion of that recommended, the mean intake of vitamin D was higher after fortification (89 (95% CI 77-102)%) than before it (42 (95% CI 37-46)%; Po0.001), although both were less than the recommended intake. The recommended intake of vitamin D was reached by only 2.4% of the children before fortification compared to 30.6% thereafter (Po0.001).
Of the total children 33 and 44% had used vitamin D supplement (P ¼ 0.697) before and after the fortification, respectively. Accounting for intake from diet and supplements, the total daily intake of vitamin D was significantly higher after fortification (7.9 (95% CI 6.3-9.6) mg) compared to the prior situation (4.4 (95% CI 3.6-5.2) mg; Po0.001). The total daily intake in these case of children who had used supplements was 12.5 (95% CI 10.8-14.2) mg (n ¼ 16) after fortification against 9.1 (95% CI 8.3-10.1) mg (n ¼ 27) before the measure (Po0.001).
There were no differences between the two cohorts in consumption of the main food sources of vitamin D (Table 3) . The main sources were milks and margarines after fortification, fish and margarines before it. Also, evaluating by interviews no difference emerged in the frequency of fish consumption in the respective cohorts; 51.1 and 58.3% of the children consuming fish at least once per week, 35.5 and 38.9% one to three times per month and 13.3 and 2.7% seldom or never before and after fortification, respectively (P ¼ 0.673).
The mean serum 25-hydroxyvitamin D concentration was higher after (64.9 (95% CI 59.7-70.1) nmol/l) fortification than before it (54.7 (95% CI 51.0-58.4) nmol/l; P ¼ 0.002) (Figure 1 ). The serum 25-hydroxyvitamin D was higher in supplement users compared to non-users both before (64.4 (95% CI 58.2-70.6) nmol/l supplement users vs 49.6 (95% CI 45.5-53.8) nmol/l non-users; Po0.001) and after fortification (72.5 (95% CI 64.6-80.3) nmol/l supplement users vs 59.5 nmol/l (95% CI 53.0-65.9) non-users; P ¼ 0.010).
Moderate hypovitaminosis D, defined as a serum 25-hydroxyvitamin D concentration ranging from 20 to 37.5 nmol/l (Thomas et al., 1998) was detected in eight (9.9%) and one (2.9%) children before and after fortification, respectively, and severe hypovitaminosis D, defined as a serum 25-hydroxyvitamin D concentration less than 20 nmol/l (Thomas et al., 1998) , was detected in none of the children. None exceeded the upper limit of serum 25-hydroxyvitamin D concentration, 140 nmol/l (Vieth, 1999) . The dietary intake of vitamin D and the serum 25-hydroxyvitamin D concentration were found to correlate when the two cohorts were combined (r ¼ 0.307, P ¼ 0.001, n ¼ 117). The regression equation for serum 25-hydroxyvitamin D concentration (nmol/l) was 49.39 þ 3.02 Â dietary vitamin D intake (mg), R 2 ¼ 9.4 %, P ¼ 0.001. Table 3 Daily consumption of main food sources of vitamin D and their contribution to dietary intake in children before (n ¼ 82) and after (n ¼ 36) vitamin D fortification
Food consumption (g) P-value Vitamin D intake (mg) P-value Vitamin D intake (% of total dietary intake)
Prior fortification After fortification Prior fortification After fortification Prior fortification After fortification P-value The present findings cannot be attributed to a simple cohort effect, as both dietary intake and serum 25-hydroxyvitamin D concentration were as previously reported in older children and adolescents in the same area of Finland Lagström et al., 1999; (Lehtonen-Veromaa et al., 1999; Laitinen et al., 2005) and also in other countries (Fuleihan et al., 2001; Gordon et al., 2004) . According to our results and previous observations (Antoniucci et al., 2005) , the serum 25-hydroxyvitamin D concentration appears to be stable during storage, thus not affecting the measurements conducted to estimate vitamin D status. Likewise, the method of evaluating dietary intake of vitamin D is unlikely to explain the difference between the two cohorts, as a 4-day food record, the database of which is continuously updated, was used on both occasions. Notwithstanding the successful fortification, it must be recognized that the recommended intakes of vitamin D were not invariably achieved, the intake remaining below that recommended in one-third of the children. On this basis, with the understanding that milk is an important source of nutrients for the age group studied, new food sources suitable for fortification should be sought. Such activities are in fact already under way, as a larger variety of other milk products, for example yoghurts, and also other foods, including juices are being fortified. The importance of new food sources of vitamin D may culminate in children with allergic disease, the prevalence of which are increasing (ISAAC, 1998) , who may be on a restricted diet or in children consuming milk or margarine in lesser amounts than recommended.
There are obvious safety concerns when initiating fortification of foods. For vitamin D, the tolerable upper intake level has been set at 50 mg/day (2000 IU/day) for all ages (Food and Nutrition Board, Institute of Medicine, 1997), and before the initiation of fortification in Finland, it was evaluated that the fortification would be safe. However, previous experiences in food fortification have led to unexpected findings, as emerged when folic acid fortification resulted in a mean increase in folic acid intake twice as large as projected (Choumenkovitch et al., 2002) . In this study, no evidence was shown for either excessive intake or serum concentrations of vitamin D as a consequence of the fortification.
Demonstration of novel health effects of vitamin D beyond bone health has reawakened research interest among both investigators and health professionals. It has, for example been shown that a low intake may be a risk factor for diseases such as type I diabetes (Hyppönen et al., 2001) , colorectal cancer (Gorham et al., 2005) and multiple sclerosis (Cantorna et al., 1996) . Thus, a higher recommendation for vitamin D intake, 7.5 mg/day, as the conductance of the study has been given in Scandinavian countries (Nordic Nutrition Recommendations, 2004 ) and a higher cutoff point for serum 25-hydroxyvitamin D, 80 nmol/l has also been suggested (Holick, 2004; Heaney, 2005) to improve the vitamin D status and its health effects in the population. Adopting these new recommendations, two-thirds of children even after fortification of vitamin D in this study evinced poor vitamin D status as estimated by both dietary intake and serum 25-hydroxyvitamin D concentration. Although coefficient of determination for regression equation formulated was less than 10%, it suggests that the achievement of a serum 25-hydroxyvitamin D concentration of 80 nmol/l would necessitate a vitamin D intake of 10 mg, which was not achieved by fortification of fluid milks and margarines in the 4-year-old children studied. The present results suggest that the achievement of the recommended dietary intake and the consequent increase in serum 25-hydroxyvitamin D concentration would necessitate a higher level or new food sources for vitamin D fortification, or use of vitamin D supplements particularly during wintertime.
We conclude that fortification of fluid milks and margarines at high latitudes may promote the vitamin D status of growing children, which in turn promotes bone growth. In the light of novel functions and health effects of vitamin D, the present study findings call for further discussion of the need to improve vitamin D status by dietary means.
